Abstract : Objective : This study aimed to determine the perioperative predictors of contrast medium-induced nephropathy (CIN) after endovascular aortic repair (EVAR). Materials and Methods : The data of 203 consecutive patients who underwent elective EVAR for thoracic and abdominal aortic aneurysm between January 2014 and September 2014 were retrospectively analyzed. CIN was defined according to the diagnostic criteria of the European Society of Urogenital Radiology. Results : Fourteen patients (6.9% %) developed CIN after EVAR. Contrast medium volume (CV), preoperative serum creatinine, estimated glomerular filtration rate (eGFR), and the CV/eGFR ratio were significantly related with CIN development after EVAR. The CV/eGFR ratio was significantly higher in patients with CIN than those without CIN. Receiver operator characteristic curve analysis showed that the area under the curve of the CV/eGFR ratio was 0.782, indicating that it was the most important predictor. The appropriate CV/eGFR ratio cutoff was 1.62. Sensitivity and specificity were 85.7% % and 65.6% %, respectively. Conclusions : The CV/eGFR ratio was a useful predictor of contrast medium-induced nephropathy after EVAR. It is possible that the score can be used in patients when managing the EVAR techniques and contrast medium volume.
INTRODUCTION
Endovascular aortic repair (EVAR) for thoracic and abdominal aortic aneurysm has been accepted as a minimally invasive surgery for aortic aneurysm and dissection in recent history and has been performed in more patients. The contrast medium used is an inevitable cause of acute kidney injury (1, 2) , with the resulting condition referred to as "contrast medium-induced nephropathy (CIN)". CIN is a major cause of acute kidney injury in the hospital (3) and a common associated complication of EVAR (4, 5) . It is associated with a longer hospital stay, renal impairment, and higher mortality (5, 6) . Zarkowsky et al (7) . reported that postoperative renal dysfunction after EVAR was associated with decreased estimated long-term survival. Additionally, CIN is reported to be a risk factor of cardiac event after percutaneous coronary intervention (PCI) (8) .
Preprocedural renal impairment has been reported to be a risk factor for developing CIN (9) . Additionally, the contrast medium volume (CV) used in the procedure is also reported to be a risk factor of CIN (8, 10) . The CV/estimated glomerular filtration rate (CV/eGFR) ratio is reported to be a useful predictor of CIN after PCI (11, 12) .
Prevention of CIN is crucial, and thus, the main objective of this study was to determine the perioperative predictors of CIN after EVAR, particularly the CV/eGFR ratio, as well as to evaluate the relationship between CIN after EVAR, determine clinical outcomes, and recommend useful approaches for CIN prevention after EVAR.
MATERIALS AND METHODS

Patient selection
We performed EVAR on 217 consecutive patients at Chiba-Nishi General Hospital from January 2014 to September 2014. Among the 217 patients, 14 patients who underwent emergent EVAR for ruptured aortic aneurysm or EVAR using median thoracotomy procedure were excluded from this study. We included patients with aneurysm with and without dissection. The renal arteries of all patients were patent on preoperative and postoperative CT and intraoperative aortography. Based on the definition given by the European Society of Urogenital Radiology (13) , obvious renal artery occlusion or stenosis during the operation due to device manipulation or thrombus migration was set as an exclusion criterion. However, no patient was excluded for this reason. Finally, 203 patients who underwent elective EVAR were enrolled in this study (mean age, 71.4 !10.3 years ; 80.7% men). One hundred patients underwent EVAR for abdominal aortic aneurysm and 103 patients underwent EVAR for thoracic aortic aneurysm.
Definition of contrast-induced nephropathy
Iopamidol, a non-ionic high-osmolarity contrast agent, was used as an intraoperative contrast medium. CIN was defined according to the diagnostic criteria of the European Society of Urogenital Radiology as "a condition in which a decrease in renal function within 3 days of the intravascular administration of a CM in the absence of an alternative etiology. An increase in serum creatinine by more than 25% or 44 μmol/L (0.5 mg/dL) indicates CIN (13) ."
ORIGINAL
The ratio of contrast medium volume to estimated glomerular filtration rate as a predictor of contrast-induced nephropathy after endovascular aortic repair
Data collection and evaluation
All clinical data were retrospectively collected from the patients' medical records. Data related to the patients' demographics and preoperative status were also collected, including age, sex, and medical history, such as hypertension (patients receiving medication or remaining untreated), diabetes (patients receiving insulin), and impaired left ventricular function (ejection fraction !30%). The serum creatinine value obtained from the last blood test before the day EVAR was performed was used as the preoperative serum creatinine level, and postoperative serum creatinine level was defined as the highest serum creatinine value obtained during the first to third postoperative days. We predicted the eGFR using the calculation method recommended by the Japanese Society of Nephrology (14) : 194 × serum creatinine level -1.094 × age -0.287 (for men) and 194 × serum creatinine level -1.094 × age -0.287 × 0.739 (for women). The surgery -related factors were type of procedure (EVAR for thoracic or abdominal aortic aneurysm), operation time, and quantity of contrast medium used.
The treatment outcomes were hospital death, 1 -year survival, renal replacement therapy, length of ICU stay, and length of postoperative hospitalization.
Perioperative and intraoperative management
Patients with a preoperative serum creatinine level "1.3 mg/dL were hospitalized before EVAR and received Ringer's lactate solution (60 mL/h) intravenously for more than 12 hours. Postoperative initiation of food intake was accompanied by termination of reinfusion fluid ; in cases where serum creatinine levels remained elevated, hydration was continued until an improvement in serum creatinine levels was observed. No patient underwent preoperative enhanced CT 3 days before the operation.
An anesthesiologist performed intraoperative fluid management, including fluid control and hemodynamic monitoring, using an arterial line.
Endovascular aortic repair
All surgeries were performed under general anesthesia. The access route for stent graft insertion was via the femoral artery through an inguinal incision ; a sheath was placed in the artery and the stent graft was inserted. If the landing zone was short, embolization of the left subclavian artery or internal iliac artery was performed during EVAR for the thoracic or abdominal aorta, respectively, to lengthen the landing zone sufficiently. Embolization was accomplished with coils and/or vascular plugs. All patients awoke in the operating room and were subsequently transferred to the ICU.
We 
Statistical analysis
Continuous variables are presented as the mean ! standard deviation, and categorical variables are presented as the number and percentage of the total. Continuous variables were analyzed using Student's t-tests, whereas categorical variables were compared using chi -squared tests. Differences were considered statistically significant if P !0.05.
We performed a multiple logistic regression analysis on appropriate items with P !0.05 in the univariate analyses to examine the factors with the greatest influence on CIN development. An evaluation of an additional cutoff point of different variables was performed using receiver operator characteristic curve analysis. All statistical analyses were performed on a personal computer using the statistical software package SPSS for Mac, version 23 (IBM" ! Corp., Armonk, NY, USA).
Consent for publication
All patients undergoing surgery at our facility were informed of the significance of publishing their clinical data at academic meetings or in scientific literature, and they all provided informed consent to participate in studies conducted at our facility. Before using the patients' treatment data, we obtained consent from the patients themselves or from proxies with permission to make decisions on behalf of the patients.
RESULTS
Patient characteristics and CIN
Fourteen patients (6.9%) developed CIN. Table 1 shows patient characteristics in the CIN and non-CIS groups. Only low left ventricular function was a significant risk factor of CIN ; other patient characteristics were not significantly different (Table 1) .
CIN and risk factors
The volume of contrast medium used during surgery was greater in the CIN group than the non-CIN group. There were no significant differences among surgery types (EVAR for the thoracic or abdominal aorta), aortic etiology (true aneurysm or aortic dissection), operation time, and radiation time between the CIN and non-CIN groups. Preoperative serum creatinine level and eGFR were significantly higher and lower, respectively, in the CIN group, compared with those of the non-CIN group. Simultaneous embolization of the left subclavian artery or internal iliac artery was performed during EVAR for the thoracic or abdominal aorta, respectively, was performed in 65 cases, which was associated with CIN. The CV/eGFR ratio was significantly higher in the CIN group (Table 1) .
We performed logistic regression analysis for preoperative serum creatinine level, low left ventricular function, simultaneous embolization, and contrast medium volume. We excluded preoperative the eGFR and the CV/eGFR ratio in this analysis because these are scores which were derived from and were strongly associated with other variables. The results of the analysis revealed that the preoperative serum creatinine level had the greatest impact on the development of CIN (Table 2) .
In this study, we also evaluated simultaneous arterial embolization and CIN. The patients' characteristics and preoperative renal function were not significantly different between patients undergoing EVAR with simultaneous arterial embolization (E group) and those undergoing EVAR without simultaneous arterial embolization (N group). However, the volume of the contrast medium was significantly greater, and fluoroscopy time and operation time were significantly longer in the E group ; moreover, simultaneous arterial embolization was associated with CIN (Table 3) .
ROC analysis for predictors of CIN
ROC analysis was performed on the amount of contrast medium volume used, preoperative serum creatinine, preoperative eGFR, and CV/eGFR ratio, which were significant predictors of CIN.
The area under the curve (AUC) of CV/eGFR ratio was 0.782, which was the greatest among the aforementioned predictors. CV/eGFR ratio "1.62 was considered the most appropriate cutoff
The Journal of Medical Investigation Vol. 65 February 2018 value (Figure 1) , with 85.7% sensitivity and 65.6% specificity for detecting CIN. More patients with CV/eGFR ratio "1.62 were observed in the CIN group (group odds ratio, 7.694 ; 95% confidence interval, 2.071 -28.587, P = 0.001) ( Table 1) . Serum creatinine was also adequately high AUC. The cut off value was 1.135. The sensitivity was 71.4% and the specificity was 88.4%.
Relationship between CIN after EVAR and clinical outcomes
Hospital deaths and 1-year mortality were worse in the CIN group than in the non-CIN group. The lengths of ICU hospital stay were longer in the CIN group than in the non-CIN group. Only one patient received renal replacement therapy in the CIN group, but the difference was not statistically significant (Table 4) .
Relationship between CV/eGFR ratio and the development of CIN and clinical outcomes
We evaluated the relationship between the development of CIN and CV/eGFR ratio using the cutoff value obtained in the ROC analysis (CV/eGFR ratio "1.62).
Seventy -two patients had a CV/eGFR ratio "1.62, which was seen in 35% of the enrolled patients. CIN was observed more frequently in patients in the group with CV/eGFR ratio "1.62. Additionally, hospital death and 1 -year mortality rate were significantly higher in patients with CV/eGFR ratio "1.62. The length of hospital stay was significantly longer in patients with CV/eGFR ratio "1.62 (Table 4) .
DISCUSSION
CIN has been studied extensively in PCI and reported to have an adverse effect on treatment outcomes after PCI. Developing CIN results in worse treatment outcomes related to mortality, serious morbidity, and myocardial infarction after PCI (15) . Postoperative renal dysfunction after EVAR has been reported to be associated with decreased estimated long-term survival (7) . Additionally, this study demonstrated that CIN immediately after EVAR was associated with more hospital deaths and worsened 1-year mortality. Therefore, efforts should be undergone to prevent CIN after EVAR.
Developing CIN after endovascular treatment is associated with several etiologies and causes including renal vasoconstriction (16), ischemic and hypoxic damage to the renal medulla (17, 18) , and direct toxic effects to the tubular epithelium (19) . Maintaining preoperative and postoperative blood perfusion in the kidney and urine flow is very important to protect kidney function.
Selistre et al (20) . reported that heart failure was a risk factor for CIN after intravenous injection of contrast medium following enhanced computed tomography, which is not an invasive procedure involving hemodynamic change. A few reports on CIN after EVAR indicated that low left ventricular function (5) and heart failure were also risk factors for CIN (10) . Furthermore, the present study also demonstrated that low left ventricular function was a risk factor for CIN. These results suggest that lower renal perfusion due to low left ventricular function is suspected in CIN pathophysiology.
As Li H et al (21) . demonstrated that lower systolic arterial pressure was associated with developing CIN, unstable hemodynamics during surgery may contribute to the development of CIN. It is very important to preserve renal perfusion and urinary flow before and during EVAR to protect the kidney. It is believed that increasing renal blood flow and urinary flow through hydration can reduce the renal exposure to contrast media (13, 22) . We assumed that patients with a preoperative serum creatinine level "1.3 mg/dL were at great risk for CIN. According to the Canadian Association of Radiologists consensus guidelines for prevention, we administered Ringer's lactate solution (60 mL/h) intravenously for more than 12 hours to these patients (23) . Although it was expected that the fluid infusion contributed to the prevention of CIN, 14 patients developed CIN.
Diabetes mellitus is a well-known risk factor for CIN, but it was not a significant risk factor in this study. One of the reason might be the definition of diabetes in this study. We set diabetes mellitus as insulin dependent diabetes, which made the prevalence of diabetes very low. If we had used another definition such as "patients who took oral hypoglycemic agents or patients receiving insulin", the prevalence might have been higher and the results of statistical analysis might have been different.
Although further analysis of long-term results is required, we anticipate that maintaining stable hemodynamics by fluid infusion and administrating inotropes particularly in patients with low left ventricular function will lead to better outcomes with less incidence of CIN.
In this study, the amount of contrast medium used during surgery was larger in the CIN group than in the non-CIN group. Additionally, we revealed that performing simultaneous embolization of the left subclavian or internal iliac artery during EVAR for thoracic or abdominal aortic aneurysm, respectively, was associated with the development of CIN. The amount of contrast medium used during surgery, operation time, and fluoroscopy time were greater in patients who underwent arterial embolization during EVAR than in those who underwent EVAR only. We strongly suspect that the increased amount of contrast medium administered in the embolization procedure was a cause of CIN development because, although the patients' characteristics and preoperative renal function did not differ significantly between the two groups, the contrast medium volume and CV/eGFR ratio were greater in patients undergoing simultaneous arterial embolization. Tran et al (24) . reported that in patients who underwent fenestrated EVAR for juxtarenal or paravisceral aortic aneurysm, fluoroscopy time, operative time, and contrast volume were associated with the development of CIN. In addition, they concluded that increased surgical complexity was a risk factor for CIN. They suggested that minimizing surrogate markers for operative complexity is important (24) . We also suggest that additional endovascular procedures should be performed in patients who have preoperative risk factors for CIN, including embolization of arteries separately from EVAR to minimize the complexity of the operation. This involves reducing the amount of contrast medium used in each procedure to prevent CIN.
In many fields including EVAR, preoperative renal impairment was reported to be a risk factor for CIN (25) . Serum creatinine level is a widely used indicator of renal function. Moreover, a high preoperative creatinine level has been reported to be a risk factor for CIN (26). However, serum creatinine level does not increase until the eGFR has decreased by 50% or more (27) . We used eGFR to consider the predictive value of the CV/eGFR ratio. The CV/eGFR ratio represents a comparison between the patient's preoperative risk factors and the potential harm of the contrast medium volume used in EVAR. On ROC analysis, CV/ eGFR ratio was the most appropriate predictive value, and the optimal cutoff value was 1.62.
The CV/eGFR ratio could predict CIN appropriately. In addition, interestingly, patients with an CV/eGFR ratio !1.62 required a longer hospital stay and had increased likelihood of hospital death and worsened 1 -year mortality. The present results suggest that a CV/eGFR ratio !1.62 was a useful predictor for developing CIN and worsened outcomes after EVAR. Our study results imply that consideration of both the contrast medium volume and the preoperative renal impairment are more useful predictors of CIN in EVAR than those of CIN in PCI.
We performed EVAR under general anesthesia. Generally, the general anesthesia has more negative chronotropic and inotropic effects than the local anesthesia commonly used for PCI. Therefore, hemodynamic status during EVAR affects not only the preservation of renal function, but it also the development of CIN more than those during PCI. It is not appropriate to use the cutoff value based on another endovascular method such as PCI. Some studies on the usefulness of the CV/eGFR ratio in PCI have calculated these cutoff values. One study (14) focused on CIN after PCI proposed a cutoff value of CV/eGFR ratio !3.1, which was greater than the cutoff value of 1.62 obtained in this study. This difference in optimal cutoff values among endovascular procedures must be clarified. This study is valuable because there are very few reports on the cutoff value for preventing CIN after EVAR.
Using the CV/eGFR ratio of 1.62 in each patient, we can calculate the amount of contrast medium necessary and determine the risk of developing CIN before surgery. Thus, we can decide on the amount of contrast medium needed for each surgery and balance the amount with the technical requirement and risk of CIN in each patient objectively, and not based on the surgeon's experience. Using the CV/eGFR ratio cutoff value (1.62) appropriately can improve the safety of EVAR in terms of preventing CIN.
In addition to CV/eGFR, serum creatinine also had adequately high AUC. We assume that serum creatinine is also important predictor for CIN after EVAR. Serum creatinine is a preoperative value, which does not include intraoperative factor such as CV. Therefore, using serum creatinine, we can predict CIN before operations based on patients' background. The results about serum creatinine can be useful for prevention of CIN. We performed intravenous hydration in the patients with serum creatinine level above 1.3. But according to the result in this study (appropriate cut off value of serum creatinine was 1.135), we have to set more strict criteria for intravenous hydration. It may be appropriate to perform intravenous hydration in patients with serum creatinine level above 1.135. Serum creatinine and CV/eGFR are both useful for predicting CIN after EVAR. But, CV/eGFR is useful not only for predicting CIN but also planning operation procedure including the amount of contrast medium volume use.
This study has some limitations. First, it included a small number of cases and followed a retrospective design. Second, the study participants had small differences in characteristics such as lower BMI and BSA than those in Western patients. In addition, we used only one contrast medium (iopamidol). The subjects of this study were elderly patients. Therefore, it was possible that we underestimated eGFR. Using cystatin C could have enabled us to estimate GFR more precisely, and could have made CV/eGFR more accurate. Further prospective studies with a large number of patients including many races and more than one contrast agent are needed to confirm the efficacy of the CV/eGFR ratio for preventing CIN.
CONCLUSION
This study demonstrated that the CV/eGFR ratio was an appropriate predictor of CIN development after EVAR. We can calculate the safe maximum amount of contrast medium in each patient using the CV/eGFR ratio cutoff value of 1.62. We recommend taking the preoperative predictive value of an individual patient into account and managing the EVAR techniques and CV. Consequently, we will be able to reduce the incidence of CIN and improve the quality of life in patients after EVAR. 
